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Objective: To study the effects of different acupuncture stimulation on nitric oxide (NO) content in acupoint 
areas. Methods: The experiment was performed in 47 healthy volunteers providing informed consents. Both 
males and females were included in each group: 11 cases in electro-acupuncture group, 13 cases in 
manual-acupuncture group, 16 cases in warm-moxibustion group, and 7 cases in control group. Stimulations 
were given at Jianshi (PC 5) of the Pericardium Meridian and Chengshan (BL 57) of the Bladder Meridian 
with manual-acupuncture, electro-acupuncture and warm-moxibustion respectively. NO was collected from 
Ximen (PC 4) and Chengjin (BL 56) areas on the ipsilateral meridians, and the content was detected. Results: 
The content of NO in the warm-moxibustion group was higher than that in the electro-acupuncture group, the 
content in electro-acupuncture group was higher than that in the manual acupuncture group (P<0.05). 
Conclusion: All the three stimulations can raise NO levels on acupoint areas significantly, and the effect 
moxibustion is superior to that of electro-acupuncture and manual acupuncture. 
  Key words: manual acupuncture; electro-acupuncture; warm-moxibustion; nitric oxide   
Nitric oxide (NO) is a highly dispersed free radical, 
participating in physiological and pathological 
regulation, transmission of neural signals and acting 
as an important messenger and effecter molecule.1 
NO may show complicate dual-directional regulative 
effects in treatment of diseases,2-3 and hyper- or 
hypo-production of NO may lead to development of 
many disorders. 4-5 It was a rapid progressing stage 
for study of NO in the 1990s, and the related 
researches have become a hot and advanced field in 
medical science. Abundant studies have confirmed 
that NO plays an important role in disease 
development and improvement. 
Manual-acupuncture, electro-acupuncture and warm- 
moxibustion are the commonly used in clinic, 
differing in stimulation patterns and intensities, 
which produce different therapeutic effects.6-8 Studies 
show that electro-acupuncture is effective for 
relieving pain and treating neural injuries, manual- 
acupuncture is efficient for immunoregulation,9 and 
warm-moxibustion is indicated for cold syndrome. 
Possibly, there is distinction in the signal 
transmission pathway for the three stimulations, 10-11 
but all take effects in treatment. The related 
mechanism should be further investigated. In the 
present study, the manual acupuncture, electro- 
acupuncture as well as warm-moxibustion were 
adopted as the stimulation modalities to check the 
effect on the content of NO in acupoint areas of the 
healthy subjects.1  
MATERIALS AND METHODS 
Subjects and Grouping 
The 47 volunteers aged 25–45 years were involved in 
the present randomized, double-blind, crossover 
study. They were divided into the following four 
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groups: the manual-acupuncture group (n=13, 7 
males and 6 females), the electro-acupuncture group 
(n=11, 5 males and 6 females), the warm moxibustion 
group (n=16, 8 males and 8 females), and the control 
group (n=7, 4 males and 3 females). The effects of 
acupuncture at different points on local NO con- 
centration were determined in the healthy volunteers 
in a randomized, blind, and crossover fashion. Jianshi 
(PC 5) on the Pericardium Meridian of the Hand- 
Jueyin and Chengshan (BL 57) on the Bladder 
Meridian of Foot-Taiyang were selected as the points 
for acupuncture; and Ximen (PC 4) and Chengjin (BL 
56) were the sites for collecting NO (Figure 1).  
 
Figure 1. Location of the points 
In the manual acupuncture group, a stainless steel 
acupuncture needle (0.25 mm in diameter and 25 mm 
in length) was gently inserted to a depth of 5–8 mm 
into each acupoint which was manually stimulated by 
delicately twisting the needles according to standard 
technique for 2 minutes or until a De-Qi sensation ( a 
kind of needling sensation) was achieved, and the 
needles were kept in situ for 20 minutes, and 
manipulated once every 5 minutes.  
In the electro-acupuncture group, Skylark SK-700B 
stimulator was used to stimulate the acupoints, with 
current intensity 1.0 mA, frequency 20 Hz, 20 
minutes wave width, 1.0 msec. 
In the warm moxibustion group, NTE-2A（Thermal 
Probe and Controller）was used on (PC 5) and (BL 57) 
for 20 minutes. 
In the control group, there was no any stimulation on 
the acupoints.  
Collection and Detection of NO at Local Skin 
Surface 
1. Collection of NO 
The randomized single blind trial was used for this 
research. Researchers are in charge of nothing but 
analyzing data by operating chemiluminescence 
analyzer. The females should avoid the monthly 
period. Room temperature should be maintained at 
23–25℃. While collecting dialyzate from the Urinary 
Bladder Meridian of Foot-Taiyang, the participants 
should be in the prone position. While collecting 
dialyzate from the Pericardium Meridian of the Hand 
Jueyin, the participants should be in the sitting 
position, and their arms should be placed at the same 
level with their hearts. Before the experiments, all the 
participants should sit quietly for 30 minutes, being 
relaxed. Before and after acupuncture, blood pressure 
and heart rate were measured respectively, which 
were in normal range. 
After cleaning the skin, affix a sterilized micro- 
dialysis tube (sealed at both ends, and opened from a 
side) to the collecting point. Pay attention to make 
sure that the tube wall firmly touch the skin to avoid 
the fluid exudation during the experiment. Dissolve 
4,4'-sulfonyldianiline in sterile normal saline with the 
concentration of 100 µM, and feed the solution (pH 
5.8–6.0)（about 0.3 ml）to a microdialysis tube. Affix 
the microdialysis tubes to acupoints in the skin 
surface for 20 minutes to absorb NO on the local skin. 
Manual acupuncture, electro-acupuncture or warm 
moxibustion was performed at Jianshi (PC 5) and 
Chengshan (BL 57) on the ipsilateral meridians for 
20 minutes.   
2. Detection of NO 
After collecting NO with the microdialysis tube, 
draw the dialysate from the tube, and put it into 
another sterile tube. The direct detection of NO is 
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difficult for its low content, short half-life, and 
oxidation. 
The total NOx- concentration (NO2- and NO3-) was 
indirectly measured in the dialysate using an ozone 
phase chemiluminescence method (NOA280i, GE 
Analytical Instruments, Boulder, CO), with a min- 
imum sensitivity of 1.0 Pico mole. The measurements 
were done in a blinded manner.   
Five micro liter sample of fresh or previous frozen 
dialysate was reduced using a Vanadium (III) / HCl 
solution. The resulting NO gas was reacted with ozone 
and underwent the chemiluminescent reaction. The 
nitrate calibration curve was established using known 
concentrations of NaNO3 dissolved in the sterile 
nitrogen-free water. The total amount of NO3
 
in each 
dialysate sample was calculated by integration of the 
signal peaks using the nitrate calibration curve. All the 
samples were measured in duplicate. The presence of 
(NO2
-) in the authors’ dialysate samples was close to 
the water basal level. Therefore, the final NOx- 
concentration in the dialysate was expressed as µM 
with no allowance made for NO2.
 12
 
Statistical Analysis 
All the data are expressed as x ±s. Apply a general 
software to process the data and to perform the 
statistical analysis. Apply one-way analysis of 
variance, paired t test, independent t test for the 
significance analyses of experimental data, P<0.05 
stands for statistical significance. 
RESULTS 
Independent t-test was used to analyze the difference 
between the experiment data. The NO contents of the 
manual-acupuncture group, the electro-acupuncture 
group, the warm-moxibustion group and the control 
group were compared. The contents of NO of the 
warm-moxibustion group and the electro-acupuncture 
group were higher than the manual-acupuncture 
group, and all the three stimulation groups were 
higher than the control group (P<0.05, Figure 2). As 
for Chengjin (BL 56), the NO content of warm- 
moxibustion group was significantly higher than that 
of the electro-acupuncture group, but there was no 
significant difference between them. 
 
Figure 2. NO contents in acupoint areas in different groups 
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DISCUSSION 
NO is a kind of small molecule gas with biological 
activities. It is so active chemically that it can easily 
go through the membrane and spread to various parts 
of the body, and then participate in the regulation of 
physiological and pathological functions. Studies 
show that NO participates in the regulation of many 
physiological function of the human body. The 
excessive or insufficient synthesis of NO is related to 
the pathogenesis of many diseases.4-5 Therefore, NO 
is very important in the maintenance of physiological 
homeostasis. NO is also the key factor of the 
pathogenesis of many diseases. NO plays an 
important role in the complicated dual-directional 
regulation for the maintenance of physiological 
function.2-3 NO has similar function with neuro- 
transmitter, and its peripheral expression is related to 
the functional activities of the meridians and 
acupoints.13 The rich autonomic nerve net of the skin 
is the main body of the signal transmission of 
acupuncture. The agminated transmission of sym- 
pathetic transmitter along meridians is related to the 
characteristics of the meridians.14 NO can cause 
central and peripheral nervous system to release 
noradrenalin (NE). And NE can activate the 
sympathetic nerve in the skin,15 leading to the 
character of good conductor of acupoints. Meanwhile, 
NO is an effective regulatory factor for gap junctions 
between the endothelial cells. It can promote the 
electric conductivity of gap junctions by reducing the 
inhibitory junction potential.16-17 Therefore, it is 
considered that the increase of NO content of 
acupoints is one of its expressions of the activity of 
acupoints. 
Acupuncture and moxibustion has long been used in 
traditional Chinese medicine and proved to be a very 
effective treatment method. For the convenient 
operation and less side effects, acupuncture and 
moxibustion has been well accepted by the patients. 
In recent years, along with the development of 
acupuncture and moxibustion equipments, the 
therapeutic tools tend to diversification. But the 
manual-acupuncture, electro-acupuncture and warm- 
moxibustion are still commonly used in clinic.  
The previous studies have shown that because of the 
difference in the stimulation pattern between 
manual-acupuncture and electro-acupuncture, their 
conduction paths are different. The signal of manual- 
acupuncture is mainly conducted in the superficial 
layer of the skin but electro-acupuncture in the deep 
tissues;10 and that the mode of action of warm 
moxibustion is mainly accomplished by thermal 
radiation and heat conduction.11 However, all the 
three methods can cure diseases in clinical 
application, indicating that the effects of the three 
treatment methods may share the same material basis. 
The results from present study show that manual- 
acupuncture, electro-acupuncture and warm- 
moxibustion can all increase the content of NO in the 
acupoints, with obvious difference as compared with 
the control group. So appropriate stimulation of 
acupoints is the foundation of the effects of 
acupuncture and moxibustion, and this kind of 
stimulation can cause the change of NO content in 
the acupoints. This might be one of the material bases 
for the effects of acupuncture. The reason why the 
effect of moxibustion is stronger than manual- 
acupuncture and electro-acupuncture may probably 
be that the stimulation area of moxibustion is 
relatively larger; and when the stimulation area is 
larger enough, it can affect the adjacent acupoints, 
with more obvious increase of NO content. The 
experimental results also show that although both the 
manual-acupuncture and electro-acupuncture are 
called as acupuncture therapy, the intensity of their 
stimulation is different. Because electro-acupuncture 
may simultaneously deliver has the mechanical and 
electrical stimulations, so the resultant stimulus of 
electro-acupuncture is stronger than manual- 
acupuncture, with a relatively higher content of NO. 
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